,ND-A128  601 

THE  SYNTHESIS  AND  EVALUATION  OF  15-KETO-PGB1  ANALOGUES 
<U)  SAINT  JOSEPH'S  UNIV  PHILADELPHIA  PA  DEPT  OF 
CHEMISTRY  G  L  NELSON  01  MAR  82  N00014-80-C-011? 

- Y"1 

1/1 

UNCLASSIFIED 

F/G  7/2 

NL 

OFFICE  OF  NAVAL  RESEARCH 


CONTRACT  NOOO 1 4-B0-C-0 117 
Task  No.  NR  202-165 
TECHNICAL  REPORT  NO.  3 

The  Synthesis  and  Evaluation  of  15-Keto-PGBi  Analogues 

by 

George  L.  Nelson,  Ph.D. 

Saint  Joseph's  University 
Department  o-f  Chemistry 
Philadelphia,  PA  19131 

1  March  19S3 

Reproduction  in  whole  or  in  part  is  permitted 
for  any  purpose  of  the  United  States  Government 

♦Distribution  of  this  report  is  unlimited 


83  07  21  02  3 


UNCLASSIFIED 


security  classification  of  this  page  riWiw  am  Entorod) 


REPORT  DOCUMENTATION  PAGE 

READ  INSTRUCTIONS 

BEFORE  COMPLETING  FORM 

).  REPORT  NUMBER  2.  GOVT  ACCESSION  NO. 

Third  Annual  ^  ■  fii$ot,oi 

3  RECIPIENT'S  CATALOG  NUMBER 

*■  and  Evaluation  of  1 5-Keto-PGBl 

Analogs 

5  TYPE  OF  REPORT  b  PERIOD  COVERED 

Technical  Report  -  Third 
Annual  3/1/82  -  3/1/83 

6.  PERFORMING  org.  report  number 

7.  AuTMORC«J 

George  L.  Nelson,  Fh.D. 

Professor  of  Chemistry 

(.  CONTRACT  OR  GRANT  NUMBER!*; 

Contract  N00014-80-C-0117 

».  performing  ORGANIZATION  name  and  address 

Department  of  Chemistry 

St.  Joseph's  University 

10.  PROGRAM  ELEMENT.  PROJECT,  TASK 
AREA  A  WORK  UNIT  NUMBERS 

Task  No.  NR  202-165 

II.  CONTROLLING  OFFICE  NAME  AND  ADDRESS 

Office  of  Naval  Research 

Department  of  the  Navy 

Arlington,  VA  2221? 

12.  REPORT  DATE 

3/1/1983 

13.  °F  PAGES 

14  MONITORING  AGENCY  NAME  A  ADDRESS^//  dlltorot II  Iron l  Controlling  Ollleo) 

IS.  SECURITY  CLASS,  (ot  t him  f#po rt) 

UNCLASSIFIED 

15w.  declassification  downgrading 

SCHEDULE 

16.  DISTRIBUTION  STATEMENT  Col  lllll  Report) 

APPROVED  FOR  PUBLIC  RELEASE*.  DISTRIBUTION  UNLIMITED 

17.  DISTRIBUTION  STATEMENT  (o  1  tho  obotroct  ontorod  In  Block  20,  It  dllloront  Iroa i  Report) 

IB.  SUPPLEMENTARY  NOTES 

IS.  KEY  Wv.  ROS  (■'"•'nllnu*  on  rav«r«»  eldo  II  fi»c»»»ary  «nd  Identity  by  bloc*  numbaf} 

15-dehydro-prostaglandin  B1 ,  15-dehydro-PGBl,  15-keto-PGBl ;  oligomerization  of 
structural  elucidation  of  oligomerization  pathway}  Michael  addition  pathway} 
protection  of  oxidative  phosphorylation}  dimers  and  trimers  from  15-dehydro- 
PGBl}  15-dehydro-PGBl  analogs,  "protected”  and  "blocked"  analogs 

so  ABSTRACT  (Continue  on  rouorwo  oldo  It  nocoooury  and  Identity  by  block  number) 

The  reaction  pathway  for  the  oligomerization  of  15-dehydro-PGBl,  the  PGBx  pre¬ 
cursor,  has  been  determined  to  proceed  by  a  Michael  addition  pathway  involving 
multiple  reaction  sites.  The  resultant  complexity  of  such  oligomeric  mixtures 
precludes  the  isolation  of  individual  components  from  the  complex  PGBx  mixture, 
As  an  alternative,  procedures  were  developed  to  provide  less  complex  mixtures 
in  which  oligomers  as  sma.ll  as  dimers  and  trimers  exhibited  activities  compar¬ 
able  to  PGBx.  The  dimers  were  Isolated  and  fully  characterized.  "Blocked" 

OFFICE  OF  NAVAL  RESEARCH 
CONTRACT  NOOO 1 4-80-C-0 117 
Task  No.  NR  202- 163 
TECHNICAL  REPORT  NO.  3 

The  Synthesis  and  Evaluation  of  15-Keto-PGBi  Analogues 

by 

George  L.  Nelson,  Ph.D. 

Saint  Joseph's  University 
Department  o-f  Chemistry 
Philadelphia,  PA  19131 

1  March  1983 

Reproduction  in  whole  or  in  part  is  permitted 
-for  any  purpose  of  the  United  States  Government 


•Distribution  of  this  report  is  unlimited 


TABLE  QF  CONTENTS 


I.  OBJECTIVES . 

II.  SUMMARY . 

III.  CONCLUSIONS . 

IV.  BACKGROUND . 

V.  RESULTS  AND  DISCUSSION . 

Model  studies  Related  to  Analog  2 . 

Oligomerization  o-f  15-Dehydro-PGBl . 

Less  Complicated  Oligomeric  Mixtures.... 

Oligomerization  o-f  15-dehydro-PGBl  Under 
Mild  Conditions . 

Model  Studies  o-f  Blacked  Prostaglandin 
Derivatives . . . 

Investigation  o-f  Blocked  Prostaglandin 
Derivatives. . . 

VI.  EXPERIMENTAL . 

VII.  REFERENCES  AND  NOTES . 

VIII.  ACKNOWLEDGEMENTS . 


LIST  OF  FIGURES 


Figure  Title 

1  Reaction  Scheme  -for  Dimer  Formation  in  the 

Oligomerization  o-f  Analog  2 . . 

2  Reaction  Scheme  -for  Trimer  Formation  in  the 

Oligomerization  o-f  Analog  2 . 

3  Reaction  Scheme  -for  the  Formation  o.f  Higher 

Oligomers . 

4  Reaction  Scheme  -for  Dimer  Formation  in  the 

Oligomerization  o-f  15-Dehydro-PGBl  (1) . 


LIST  OF  TABLES 

Table  Title 

1  A  Comparison  o-f  13C  NMR  Chemical  Shi-fts 

o-f  Dimers  Derived  -from  15-Dehydro-PGBl  (1) 
and  the  Ethyl  Analog  <2> . 

2  A  Comparison  o-f  *H  NMR  Chemical  Shi-fts  of 

Dimers  Derived  from  15-Dehydro-PGBl  (1)  and 
the  Ethyl  Analog  (2).... . 


I.  OBJECTIVES 


Prolonged  base  treatment  of  15-dehydro-prostaglandin  B1  ,  la, 
results  in  the  conversion  to  a  complex  mixture  termed  PGBx.  A 
number  o-f  unique,  in  vitro  and  in  vivo  activities  have  been  des¬ 
cribed  for  PGBx  which  appear  to  indicate  an  ability  to  prevent  or 
restore  damage  on  a  cellular  level  resulting  from  oxygen  depriva¬ 
tion.  The  detailed  structural  characteristics  of  the  PGBx  mix¬ 
ture  remain  unclear  in  spite  of  the  efforts  of  a  number  of  re¬ 
search  groups. 

The  objective  of  contract  N00014-G0-C-01 17  for  the  period 
covered  by  Technical  Report  No.  3  remains  the  elucidation  of  the 
complex  structural  aspects  of  the  PGBx  mixture  and  the  chemical 
pathway  of  formation.  Detailed  structural  information  is  essen¬ 
tial  to  the  determination  of  mode  of  action  leading  to  the  unique 
in  vitro  and  in  vivo  activities  observed  for  this  complex  mix¬ 
ture.  Knowledge  of  the  reaction  pathway  leading  to  PGBx  forma¬ 
tion  is  required  for  the  design  of  modified  prostaglandin  precur — 
sors  for  the  preparation  of  less  complicated  mixtures  that  would 
be  more  suitable  as  the  basis  of  a  therapeutic  agent. 


IX.  SUMMARY 

We  have  previously  demonstrated  that  the  oligomerization  of 
the  structurally  less  complicated  15-dehydro-PGBl  analog  2  under 
mild  conditions  results  in  the  formation  of  a  lower  molecular 
weight  oligomeric  mixture  containing  dimer  through  octamer  com¬ 
ponents.  Through  the  isolation  and  characterization  of  individ¬ 
ual  dimer  components,  i.t  was  established  that  the  initial  oligo¬ 
mer  forming  reaction  was  taking  place  via  a  Michael  addition 
pathway  involving  multiple  reaction  sites.  As  a  consequence  of 
such  a  reaction  pathway,  the  resulting  oligomeric  mixtures 
rapidly  become  very  complex  as  each  additional  unit  of  analog  2 
is  incorporated  into  the  oligomeric  chain.  Additional  support 
for  the  operation  of  this  pathway  has  been  provided  by  investiga¬ 
tion  of  the  complex  trimer  and  tetramer  components  of  the 
oligomerization  mixture. 
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An  investigation  of  the  oligomerization  pathway  of  15-dehy¬ 
dro-PGBl,  1,  was  also  undertaken  to  insure  that  a  similar  re¬ 
action  pathway  was  operable.  This  investigation  has  confirmed 
that  the  oligomerization  of  15-dehydro-PGBl  also  proceeds  through 
a  Michael  addition  pathway  involving  multiple  reaction  sites  in  a 
manner  analogous  to  the  analog  2.  As  a  result  of  this  investiga¬ 
tion,  we  are  convinced  that  the  direct  isolation  and  elucidation 
of  individual  active  components  of  the  complex  mixture  termed 
PGBx  is  not  a  feasible  approach  and  that  a  complete  characteriza¬ 
tion  of  PGBx  in  the  classical  sense  is  not  possible. 

Having  established  the  basis  for  the  exceedingly  complex 
nature  of  the  PGBx  mixture,  our  investigations  became  focused  on 
the  development  of  structurally  less  complicated  oligomeric  mix¬ 
tures  retaining  the  unique  in  vitro  and  in  vivo  activities  of 
PGBx.  Our  initial  approach  incorporated  the  mild  oligomerization 
conditions  developed  from  the  previous  mechanistic  investigations 
to  prepare  low  molecular  weight  oligomeric  mixtures  (principally 
dimer — tetramer) .  With  the  precursor  15-dehydro— PGB1  methyl  es¬ 
ter,  such  mixtures  were  inactive  since  the  methyl  ester  function¬ 
ality  was  retained  in  the  oligomer  under  the  very  mild  conditions 
of  oligomerization.  This  problem  was  circumvented  by  the  prepa¬ 
ration  of  15-dehydro-PGBl  free  acid,  lb,  as  the  precursor  for  use 
under  the  mild  oligomerization  conditions.  Under  mild  con¬ 
ditions,  the  free  acid  lb  could  be  converted  into  low  molecular 
weight  mixtures  which  were  readily  separable  into  oligomeric 
components  such  as  dimers,  trimers,  etc.  by  size  exclusion  chrom¬ 
atography.  Although  the  dimer  component  proved  inactive,  the 
trimer  and  tetramer  components  exhibited  in  vitro  activities  in 
the  mitrochondrial  assay  on  the  same  order  or  higher  than  "stan¬ 
dard  PGBx".  This  provided  for  the  first  time  low  molecular 
weight  oligomer  components  as  small  as  trimers  that  exhibited  in 
vitro  mitochondrial  activity  comparable  to  that  of  PGBx. 

Attempts  to  isolate  individual  active  trimer  components 
proved  less  successful.  The  initial  separtion  of  the  single 
addition  (Type  1)  and  the  double  addition  (Type  2)  trimers  was 
readily  accomplished  by  reverse  phase  HPLC.  The  isolation  of 
pure  individual  Type  1  and  Type  2  trimers  in  any  significant 
amounts  proved  considerably  more  difficult.  During  the  course  of 
the  isolation,  the  level  of  complexity,  due  to  stereochemical 
factors,  of  even  the  trimer  component  was  becoming  evident  from 
the  parallel  analog  studies.  Since  this  level  of  complexity 
precluded  the  direct  isolation  of  the  individual  trimers  in  pure 
farm,  this  approach  was  abandoned.  Instead,  the  introduction  of 
structural  modifications  into  the  precursor  was  undertaken  in 
order  to  limit  the  number  of  possible  reaction  sites. 
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The  "C-16  blocked”  analog  3  was  designed  as  a  precursor  with 
a  reduced  number  of  reaction  sites.  Since  the  C-16  carbon  in  3 
is  fully  substituted,  enolate  formation  is  not  possible  at  that 
site.  This  eliminates  the  formation  of  all  Type  2  (double  addi¬ 
tion)  oligomer  formation.  In  addition,  the  increased  steric  bulk 
at  C-16  from  the  additional  substitution  was  expected  to  favor 
oligomer  formation  at  C-13  over  C-14.  Finally  the  use  of  the 
mild  oligomerization  conditions  was  expected  to  provide  low  mo¬ 
lecular  weight,  i.e.  principally  dimer-tetramer ,  oligomeric  mix¬ 
tures. 

The  reaction  of  the  blocked  analog  3  under  mild  conditions 
resulted  in  the  conversion  to  an  oligomeric  mixture  that  could 
readily  be  separated  into  dimers,  trimers,  tetramers  and  some 
higher  oligomers.  The  success  of  this  approach  was  immediately 
evident  upon  examination  of  the  dimer  component.  Only  three 
dimers  were  present  and,  when  characterized,  indicated;  1)  the 
absence  of  any  C-16  enolate  derived  oligomer  from  Type  2  addition 
and  2)  the  attack  of  the  C-10  enolate  was  pref erenti al 1 y  taking 
place  at  the  less  hindered  C-13  acceptor  site.  The  oligomeriza¬ 
tion  of  the  "blocked"  analog  3  indicated  the  realization  of  our 
major  goals:  the  formation  of  a  lower  molecular  weight  oligomeric 
mixture  in  which  on  of  the  nucleophilic  reaction  pathways  was 
eliminated  complete! >  while  a  differential  reactivity  in  the 
acceptor  sites  was  si lmul taneously  introduced. 

Several  other  advantages  that  were  derived  from  the  use  of 
the  blocked  analog  3  became  evident  during  the  course  of  the 
investigation  of  the  dimer  component.  An  increased  ease  in  the 
HPLC  separation  of  the  individual  dimer  components  was  readily 
apparent  due  to  the  decreased  number  of  components.  With  this 
increased  availability,  the  individual  dimers  become  attractive 
as  intermediates  of  "known  structure"  for  conversion  to  higher 
oligomers.  Based  on  this  availability,  methods  for  the  conver — 
sion  of  individual  isolated  dimers  to  trimer  and  tetramer  mix¬ 
tures  of  considerably  lower  complexity  were  developed. 


In  addition,  the  substituents  introduced  -for  purposes  of 
blocking  the  C-16  enolate  formation  provided  a  marked  increase  in 
the  crystallinity  of  the  oligomers.  As  a  result,  the  Type  1 
dimers  could  be  obtained  in  crystalline  form  and  the  crystal 
structures  were  determined  in  collaboration  with  Dr.  George 
DeTitta  of  the  Buffalo  Medical  Foundation.  This  information 
permits  the  previously  unavailable  correlation  of  proton  and 
carbon-13  NMR  spectral  parameters  with  actual  stereochemi stry  in 
the  Type  1  dimers.  This  correlation  provides  the  foundation  for 
a  full  stereochemical  assignment  of  the  structurally  more  complex 
trimers. 
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As  the  potential  of  the  "blocked"  analog  3  became  evident,  a 
program  was  undertaken  to  develop  a  synthetic  route  to  the  cor — 
responding  "blocked"  prostaglandin,  16, 16-dimethyl-15-dehydro- 
PGB1  4.  The  initial  synthesis  was  successful  and  provided  enough 
material  for  a  preliminary  evaluation  of  the  chemistry  and  activ¬ 
ity  of  oligomeric  mixtures  derived  from  this  "blocked"  15-dehy- 
dro-PGBl  derivative.  The  oligomerization  of  4  was  carried  out 
under  mild  conditions  and  resulted  in  oligomeric  mixtures  similar 
to  those  obtained  from  the  "blocked"  analog  3.  The  dimer,  trimer 
and  tetramer  components  were  readily  separated  by  size  exclusion 
chromatography.  Analysis  of  the  dimer  component  indicated  a 
similarity  in  pathway  to  that  of  the  blocked  analog  3  although 
there  may  be  an  even  greater  enhancement  of  the  reactivity  of  the 
C— 13  over  the  C-14  acceptor  site  due  to  a  greater  steric  hinder- 
ance  in  the  approach  to  C-14  in  the  "blocked"  prostaglandin 
derivative.  The  preliminary  evaluation  of  mitochondrial  activity 
by  Dr.  T.  Devlin  of  Hahnemann  Medical  College  indicated  an  activ¬ 
ity  comparable  to  that  of  PGBx  and  the  structurally  more  compli¬ 
cated  oligomeric  components  derived  from  15-dehydro-PGBt  free 
acid  lb. 


III.  CONCLUSIONS 


Based  an  studies  o-f  model  systems,  a  "blocked"  prostagl andi n 
precursor  has  been  developed  that  can  be  converted  to  oligomeric 
mixtures  that  are  significantly  less  complicated  than  those  de¬ 
rived  from  the  PGBx  precursor  15-dehydro-PGBl .  The  oligomeric 
mixtures  derived  from  the  "blocked"  prostaglandin  analog  4  retain 
a  comparable  level  of  activity  in  the  protection  of  oxidative 
phosphorylation.  The  generation  of  less  complicated  mixtures  was 
accomplished  by  modification  of  15-dehydro-PGBl  in  such  a  way 
that  the  formation  of  C-16  enolate  derived  Type  2  oligomer  is 
completely  eliminated.  The  structural  modifications  also  result 
in  a  significant  enhancement  of  the  reactivity  of  the  C-13  accep¬ 
tor  site  over  that  of  the  C-14  site.  The  net  result  is  a  major 
reduction  in  the  complexity  of  the  resulting  oligomeric  mixture 
due  to  the  reduction  in  the  number  of  multiple  reaction  sites 
operable  in  the  Michael  addition  pathway  leading  to  oligomer 
chain  formation.  Furthermore,  the  investigation  of  the  oligomer — 
ization  of  the  "blacked"  analog  3  has  resulted  in  the  establish¬ 
ment  of  a  critical  relationship  between  stereochemistry  and  the 
proton  and  carbon— 13  nmr  parameters  for  the  single  addition  Type 
1  dimers.  This  relationship,  coupled  with  the  development  of 
procedures  for  the  conversion  of  dimers  of  known  structure  into 
trimer  and  tetramer  mixtures  of  considerably  lower  complexity, 
provides  the  greatest  potential  opportunity  in  the  history  of  the 
PGBx  program  to  provide  mixtures  of  greatly  reduced  complexity  in 
which  components  as  low  in  molecular  weight  as  trimers  exhibit 
mitochondrial  activities  comparable  to  or  greater  than  PGBx. 


IV.  PROJECTED  INVESTIGATIONS 

The  synthestic  route  to  the  "C-16  blocked"  prostaglandin 
derivative,  16, 16-dimethyl-15-dehydro-PGBl ,  4,  will  be  refined  to 
allow  the  preparation  of  4  in  amounts  sufficient  for  both  chemi¬ 
cal  and  biological  investigations.  Structural  studies  of  trimers 
and  possibly  tetramers  derived  from  3  and  4  will  be  carried  out 
to  provide  individual  oligomers  of  established  structure  for  a 
full  range  of  biological  evaluation  by  Dr.  T.  Devlin  of  Hahnemann 
Medical  College.  These  collaborative  investigations  may  provide 
the  first  real  insight  into  the  mechanism  on  a  molecular  level 
leading  to  an  understanding  of  the  unique  in  vitro  and  in  vivo 
activities  attributed  to  a  range  of  prostaglandin  derived  oligo¬ 
mers.  As  in  the  rast,  parallel  investigations  will  be  carried 
out  in  an  effort  j  orov'  a  a  structurally  simple  non-prostag 1 an- 
din  precursor  for  uir  ve,  .ion  to  oligomeric  mixtures  of  lower 
complexity  that  stin  retain  the  unique  in  vitro  and  in  vivo 
biological  activities  associated  with  prostaglandin  oligomers. 


V.  BACKGROUND 


The  term  PGBx  <i.e.  an  unknown  "X"  derived  -from  a  prosta¬ 
glandin  B,  “PGB")  has  been  rather  loosely  applied  to  the  reaction 
mixtures  derived  -from  extensive  base  (hydroxide)  treatment  of  a 
variety  of  prostaglandin  B  precursors1 .  On  some  occasions,  the 
term  PGBx  refers  to  the  crude  reaction  product  while  at  other 
times  to  the  most  active  fraction  derived  from  size  exclusion 
chromatography  of  the  crude  reaction  product.  Over  the  last  few 
years,  the  term  PGBx  has  came  to  denote  a  complex  mixture  derived 
from  treatment  of  15-dehydro-prostaglandin  B1  ( 15-dehydro-PGBl ) 
methyl  ester,  la,  with  1  N  ethanol ic  potassium  hydroxide^.  In 
the  discussion  that  follows,  the  term  "PGBx"  will  refer  to  the 
reaction  mixture  that  results  from  the  treatment  of  15-dehydro- 
PGBl  methyl  ester,  la,  with  1  N  ethanol ic  potassium  hydroxide  for 
4  hours  at  80  degrees.  The  term  "standard  PGBx"  will  refer  to 
the  most  active  fraction  derived  from  size  exclusion  chromato¬ 
graphy  of  the  crude  reaction  mixture. 

A  number  of  unique  in  vitro  and  in  vivo  activities  have  been 
demonstrated  for  certain  fractions  ,i.e.  standard  PGBx,  of  the 
complex  mixture  derived  by  ethanol ic  potassium  hydroxide  treat¬ 
ment  of  15-dehydro-PGBl.  Standard  PGBx  protects  against  the  loss 
of  phospharylating  activity  during  aging  in  vitro  of  rat  liver 
mitochondria3-*  and  functions  as  a  potent  "water  soluble"  iono- 
phore5-7  which  stimulates  the  release  of  Ca-*"*"  from  sarcoplasmic 
reticulum  and  heart  mitochondria^.  In  vivo ,  standard  PGBx  facil¬ 
itates  and  significantly  increases  survival  after  what  otherwise 
would  be  lethal  episodes  of  myocardial  ischemia  in  monkeys3  and 
restores  nervous  system  function  in  dogs  after  otherwise  fatal 
hypoxia*9-1^.  Standard  PGBx  also  provides  a  significant  measure 
of  protection  against  the  severest  forms  of  cardiac  ischemia  in 
various  isolated  segments  of  canine  heart11  and  protects  isolated 
anoxic  rat  heart1^.  PGBx  appears  to  represent  a  class  of  struc¬ 
tures  which  possess  a  unique  ability  to  prevent  or  restore  damage 
on  a  cellular  level  due  to  oxygen  deprivation  although  the  mech¬ 
anism  of  this  action  remains  unclear.  Such  unique  properties 
strongly  suggest  potential  future  application  in  treatment  of 
incidents  of  cerebral  and  myocardial  ischemia  and  as  a  therapeu¬ 
tic  agent  for  hemmorrhagic  traumatized  combat  casualties. 

At  the  start  of  our  investigation,  relatively  little  from  a 
chemical  viewpoint  had  been  conclusively  established  concerning 
the  structural  details  of  PGBx  or  the  chemistry  involved  in  the 
formation  of  the  active  site(s).  Earlier  descriptions  of  PGBx 
as  a  stable  free-radical  prost  glandin  polymer3  or  even  as  a 
polymer  derivative  of  prostaglandin  B  have  been  demonstrated  to 
be  incorrect  upon  closer  inspection1*13-1*.  PGBx  has  been  gen¬ 
erally  chracterized  on  the  basis  of  spectral  data  as  a  complex 


mixture  of  closely  related  oligomers  formed  by  an  initial  re¬ 
action  at  the  13,14-unsaturation  of  15-dehydro-PGBl  with  the 
retention  of  the  overall  prostaglandin  skeleton^.  Recent  at¬ 
tempts  by  a  number  of  research  groups  to  resolve  this  complex 
oligomeric  mixture  into  individual  components  retaining  activity 
have  proven  unsuccessful  precluding  a  more  definitive  structural 
assignment.  The  lack  of  any  definitive  structural  detail  has 
hindered  the  development  of  a  more  detailed  understanding  of  the 
unique  biological  properties  associated  with  this  material. 

As  an  alternative  approach  to  the  direct  structural  elucida¬ 
tion  of  PGBx ,  our  present  program  (N00014— 80-C-01 17)  was  under¬ 
taken  in  an  effort  to  define  the  chemical  pathway  of  oligomer¬ 
ization.  Our  initial  investigation  was  based  on  structurally 
simpler  analogs  of  15-dehydro-PGBl,  the  precursor  to  PGBx. 


V.  RESULTS  AND  DISCUSSION 

Many  of  the  problems  associated  with  the  direct  structural 
elucidation  of  the  complex  mixture  termed  PGBx  appeared  to  be 
related  to  the  inherent  complexity  of  oligomeric  mixtures  in 
which  the  unit  is  a  20-carban  prostaglandin. 

The  analog  2  contains  substantially  fewer  carbons  than  15- 
dehydro-PGBl  ,  1,  the  PGBx  precursor,  but  the  essential  conjugated 
cyclopentenone  functionality  of  1  is  retained  in  2  leading  to  the 
expectation  of  similar  reaction  pathways. 


la  R  =  CH3  2 

"b  R=H 


Model  Studies  Related  To  Analog  2. 

Treatment  of  the  analog  2  with  ethanol ic  potassium  hydrox¬ 
ide  under  very  mild  conditions  resulted  in  the  conversion  to  an 
oligomeric  mixture  containing  dimer  through  octamer  components. 
The  individual  oligomer  components,  i.e.  dimers,  trimers,  etc., 
were  separated  by  size  exclusion  chromatography .  The  dimer  com¬ 
ponent  was  further  separated  by  HPLC  into  six  individual  dimers 
referred  to  as  Dimers  1-6  in  the  following  discussion.  The 
structural  assignments  of  the  individual  dimers,  based  on  a 
detailed  consideration  of  spectroscopic  data,  are  given  in  Figure 
1. 
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Figure  1 


The  assignment  of  the  dimer  structures  provides  for  the 
first  time  an  insight  into  the  chemical  pathway  of  oligomei — 
ization  and  an  understanding  of  the  exceptional  complexity  of  the 
oligomeric  mixture  that  results.  Di-mers  1—6  are  formed  by  base 
catalyzed  Michael  addition  in  which  two  nucleophilic  (C-10  and  C- 
16)  and  two  acceptor  <C-13  and  C-14)  sites  of  the  analog  2  are 
active  (Figure  1).  The  presence  of  multiple  reaction  sites 
coupled  with  the  formation  of  two  new  chiral  centers  for  each  new 
bond  formed  results  in  the  formation  of  a  complicated  mixture  of 
structural  isomers  further  complicated  by  the  presence  of  closely 
related  stereoi somers.  Dimers  1-4,  derived  from  C-10  enolate 
addition,  retain  a  residual  13, 14-unsaturation  through  which 
further  oligomerization  can  proceed  in  a  similar  manner.  Dimers 
5  and  6,  resulting  from  C-16  enolate  initiated  double  addition, 
lack  a  13,14-unsaturation  required  for  further  oligomerization 
and  represent  terminal  reaction  products.  The  formation  of  high¬ 
er  oligomers,  e.g.  dimers  to  trimers,  proceeds  in  a  stepwise 
fashion  by  enolate  addition  to  a  residual  13,14-unsaturation. 


The  reaction  pathway  for  oligomer  chain  formation,  as  de¬ 
rived  from  the  dimer  studies  of  analog  2,  has  major  implications 
concerning  the  structural  complexity  of  PGBx .  This  is  evident 
when  considering  the  sequence:  dimers  *■  trimers  — —  tetramers. 
Trimers  are  produced  from  both  C-10  and  C-16  enolate  addition  to 
either  C-13'  or  C-14'  of  the  residual  13,14-unsaturation  of 
Dimers  1-4  as  illustrated  in  Figure  2  in  the  case  of  Dimers  1  and 
2.  The  addition  of  the  C-10  enolate  of  2  to  either  C-13'  or  C- 
14'  of  Dimers  1  and  2  gives  rise  to  two  structurally  isomeric 
trimers,  each  having  4  chiral  centers.  Such  trimers,  hereafter 
referred  to  as  Type  1  trimers,  retain  a  residual  13 , 14-unsatura¬ 
tion  which  is  required  for  enolate  addition  to  form  the  next 
higher  oligomer.  In  contrast,  the  C-16  enolate  addition  to 
either  C-13'  or  C-14'  of  Dimers  1  and  2  by  the  double  addition 
pathway  leads  to  two  structurally  isomeric  trimers,  each  having  6 
chiral  centers  (Figure  2).  Such  trimers,  referred  to  as  Type  2 
trimers  in  the  following  discussion,  lack  the  residual  13,14- 
unsaturation  necessary  for  further  chain  growth. 


Figure  2 


It  is  when  the  complexity  arising  -from  multiple  reaction 
sites  is  considered  along  with  the  stereochemical  consequences  of 
the  -formation  o-f  two  new  chiral  centers  for  each  unit  added  to 
the  oligomeric  chain,  that  the  complexity  of  a  mixture  such  as 
PGBx  becomes  fully  evident.  Considering  only  the  formation  of 
Type  1  oligomers,  i.e.  those  retaining  a  residual  13,14-unsatura¬ 
tion  required  for  further  chain  growth,  the  expected  complexity 
increases  exponentially  with  each  new  unit  added  to  the  oligomer 
chain.  For  example,  the  single  addition  dimers  (Dimers  1-4,  Type 
1)  could  be  converted  to  4  structurally  isomeric  trimers,  each 
having  4  chiral  centers.  Each  of  the  structurally  isomeric  Type 
1  trimers  could  exist  as  8  pairs  (24  possible  stereoisomers)  of 
enantiomers.  The  Type  1  trimers  in  turn  could  lead  to  8  struc¬ 
turally  isomeric  Type  1  tetramers,  each  having  6  chiral  centers. 
Each  of  the  structurally  isomeric  tetramers  could  exist  as  32 
pairs  (2^*  possible  stereoisomers)  of  enantiomers.  The  Type  1 
tetramer  in  turn  could  be  converted  to  16  structurally  isomeric 
Type  1  pentamers,  each  having  8  chiral  centers.  Each  of  the 
structurally  isomeric  pentamers  could  possibly  exist  as  128  pairs 
(2®  possible  stereoisomers)  of  enantiomers.  In  summary,  con¬ 
sidering  only  oligomer  chain  formation  by  C-10  enolate  addition 
to  either  the  C-13  or-C-14  acceptor  sites  coupled  with  the  crea¬ 
tion  of  two  new  chiral  centers  for  each  unit  added,  analog  2 
could  lead  to  4  pairs  (2  x  2^)  of  Type  1  enantiomeric  dimers,  the 
dimer®  to  32  pairs  (4  x  24)  of  Type  1  enantiomeric  tetramers,  the 
tetramers  to  2048  pairs  (16  x  2s)  of  Type  1  enantiomeric  penta¬ 
mers,  the  pentamers  to  16,384  pairs  (32  x  210)  of  Type  1  enantio¬ 
meric  hexamers,  etc.  (Figure  3). 

Higher  Oligomers 


Consequences  of  multiple  reaction  sites:  isinqle  addition  only> 
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PGBX:  Estimated  to  be  in  the  hexamer  -  octamer  range 

Figure  3 
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The  actual  reaction  mixture  would  be  considerably  more 
complex  due  to  the  presence  of  the  Type  2  (double  addition) 
oligomers  derived  -from  the  C-16  enalate  addition  to  either  C-13 
or  C-14.  A  similar  analysis  of  the  possible  number  o-f  Type  2  C- 
16  enolate  derived  stereoisomers  reveals  a  similar  level  o-f 
complexity;  2x2^  dimers,  4x2^  trimers,  8x2®  tetramers,  16  x 
210  hexamers,  etc.  It  becomes  evident  when  considering  this 
level  of  potential  complexity  that  even  i-f  only  a  fraction  of  the 
possible  stereoisomers  are  formed  in  appreciable  yields,  the 
direct  structural  elucidation  of  PGBx ,  estimated  to  be  in  the 
hex amer-oc tamer  range2,  does  not  represent  a  feasible  approach. 


Oligomerization  of  lS-Dehydro-PGBi 

An  investigation  of  the  oligomerization  pathway  of  15-dehy- 
dro— PGBi ,  1,  was  also  undertaken  to  ensure  that  a  similar  re¬ 
action  pathway  was  operable.  A  mild  oligomerization  of  15- 
dehydro-PGBl  (1)  has  been  carried  out  to  give  an  oligomeric 
mixture  similar  to  that  derived  from  analog  2.  The  lower  molec¬ 
ular  weight  oligomers  such  as  dimers,  trimers,  and  tetramers  were 
separated  by  size  exclusion  chromatography.  The  dimer  fraction 
was  separated  into  6  individual  dimers  which  corresponded  struct¬ 
urally  to  Dimers  1-6  derived  from  analog  2  indicating  a  similar 
reaction  pathway  in  dimer  formation  (Figure  4). 
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Figurt  4 


The  trimer  -fractions  -from  both  15-dehydro-PGBl  and  analog  2 
were  analyzed  and,  although  very  complex,  could  be  separated  into 
a  mixture  of  Type  1  and  Type  2  trimers.  A  similar  observation  o-f 
both  Type  1  and  Type  2  tetramers  was  made  -for  the  more  complex 
tetramer  -fractions.  0-f  major  signi -f icance ,  mitochondrial  activ¬ 
ities  in  the  protection  o-f  oxidative  phosphorylation  comparable 
to  or  even  higher  than  PGBx  w ere  observed  -for  oligomers,  as  low  in 
molecular  weight  as  trimers,  derived  -from  the  mild  oligomeriza¬ 
tion  o-f  15-dehydro-PGBl . 


Less  Complicated  Oligomeric  Mixtures 

Recognizing  the  extremely  complex  nature  o-f  PGBx,  alterna¬ 
tive  approaches  to  less  complicated  oligomeric  mixtures  that 
retained  the  activity  characteristics  associated  with  PGBx  were 
explored.  The  investigations  were  designed  to  take  advantage  o-f 
two  critical  pieces  o-f  information  derived  from  the  analog 
studies:  1)  the  oligomerization  reaction  is  very  rapid  but  can  be 
controlled  by  use  of  very  mild  oligomerization  conditions  and  2) 
the  oligomerization  reaction  precedes  by  Michael  addition  through 
multiple  nucleophilic  and  acceptor  sites. 


Oligomerization  of  15-Dehydro-PGBl  Under  Mild  Conditions 

The  initial  approach  to  the  formation  of  less  complicated 
oligomeric  mixtures  from  15-dehydro-PGBl  methyl  ester  involved 
the  use  of  the  mild  reaction  conditions  developed  for  the  analog 
2.  The  oligomerization  took  place  under  mild  conditions  to  give 
oligomeric  mixtures  consisting  of  principally  dimer — tetramer 
components.  However,  under  such  mild  conditions,  the  ester  func¬ 
tionality  was  retained  in  the  oligomeric  mixture  resulting,  as 
would  be  anticipated  from  earlier  work^,  in  a  product  that  was 
inactive  in  the  protection  of  oxidative  phosphorylation.  In  an 
effort  to  avoid  the  problem  completely,  an  alternative  synthesis 
of  15-dehydro-PGBl  free  acid  lb  was  developed. 


The  oligomerization  of  15-dehydro-PGBl  as  the  tree  acid 
under  mild  conditions  resulted  in  the  conversion  to  an  oligomeric 
mixture  consisting  primarily  o-f  di mer-tetramer  components  -formed 
as  the  -free  acid.  Separation  o-f  the  mixture  by  size  exclusion 
chromatography  -followed  by  analysis  o-f  the  oligomer  components  by 
T.  Devlin  o-f  Hahnemann  Medical  College  indicated  that,  although 
the  dimers  had  somewhat  lower  activity,  trimer  and  higher  com¬ 
ponents  exhibited  activities  on  the  same  order  or  higher  than 
PGBx.  Attention  was  then  -focused  on  the  trimer  component  which 
was  separated  into  Type  1  and  Type  2  <cf.  above)  trimer  -frac¬ 
tions.  Initial  work  indicated  that  the  Type  1  trimer  was  the 
major  component  and  appeared  to  generally  exhibit  higher  activ¬ 
ity.  The  Type  1  trimer  mixture  was  -further  -fractionated  and  the 
initial  assay  results  appeared  to  indicate  that  activity  was 
distributed  throughout  and  did  not  reside  with  a  particular 
stereoisomer  or  structure  type.  An  attempt  was  made  to  separate 
this  Type  1  trimer  -fraction  into  individual  components  but  this 
proved  to  be  very  di-f-ficult  as  would  be  anticipated  -from  a  con¬ 
sideration  o-f  the  predicted  complexity  o-f  the  Type  1  trimer 
-fraction  based  on  the  analog  studies.  At  this  stage  of  the 
investigation  the  results  o-f  a  parallel  study  o-f  a  “blacked11 
analog  became  known  and  led  to  a  shift  of  focus  to  the  investiga¬ 
tion  of  "blocked"  15-dehydro-P6Bl  derivatives. 


Model  Studies  of  Blocked  Prostaglandin  Derivatives 

In  a  parallel  investigation,  the  goal  of  less  complicated 
oligomeric  mixtures  was  approached  by  attempting  to  reduce  the 
number  of  available  reaction  sites  in  the  Michael  addition  path¬ 
way.  The  initial  approach  involved  the  complete  elimination  of 
the  C-16  enolate  pathway  while  simultaneously  introducing  some 
degree  of  reactivity  differential  in  the  acceptor  sites.  This 
approach  is  illustrated  in  the  use  of  the  "C-16  blocked"  analog 
3.  Since  the  C-16  carbon  in  analog  3  is  fully  substituted, 
enolate  formation  is  not  possible  at  that  site  so  that  all  oligo¬ 
mers  previously  derived  from  C-16  enolate  addition  in  analog  2 
are  eliminated.  Si lmul taneously ,  the  increased  steric  demand  of 
the  C-16  site  serves  to  provide  an  increased  steric  hinderance  to 
the  approach  of  the  sterically  demanding  C-10  enolate  at  the  C-14 
acceptor  site.  The  use  of  the  previously  developed  mild  oligo¬ 
merization  conditions  was  expected  to  provide  low  molecular 
weight,  i.e.  principally  di mer-tetramer ,  oligomeric  mixtures. 


The  reaction  of  the  "blocked"  analog  3  under  mild  conditions 
resulted  in  the  conversion  to  an  oligomeric  mixture  that  could 
readily  be  separated  into  dimers,  trimers,  etc.  The  success  o-f 
this  approach  was  immediately  evident  upon  examination  o-f  the 
dimer  component.  Only  three  dimers  were  present  and,  when  char — 
acterized,  indicated;  1)  the  absence  o-f  any  C-16  enolate  derived 
product  o-f  the  Type  2  and  2)  the  attack  o-f  the  C-10  enolate  was 
pre-ferential ly  taking  place  at  the  less  hindered  C-13  acceptor 
site.  The  oligomerization  o-f  the  "blocked"  analog  3  indicated 
the  realization  o-f  our  major  goalsi  the  -formation  of  a  lower 
molecular  weight  oligomeric  mixture  in  which  one  of  the  nucleo¬ 
philic  pathways  was  eliminated  completely  while  a  differential 
reactivity  in  the  acceptor  sites  was  simultaneously  introduced. 

Several  other  advantages  that  were  derived  from  the  use  of 
the  blocked  analog  3  became  evident  during  the  course  of  the 
investigation  of  the  dimer  component.  An  increased  ease  in  the 
HPLC  separation  of  the  individual  dimer  components  was  readily 
apparent  due  to  the  decreased  number  of  isomers  formed;  i.e. 
three  dimers  rather  than  the  six  obtained  from  the  analog  2. 

With  this  increased  availability,  the  individual  dimers  become 
attractive  as  intermediates  of  "known  structure"  for  conversion 
to  higher  oligomers.  Based  on  this  availability,  methods  for  the 
conversion  of  individual  dimers  into  trimer  and  tetramer  mixtures 
of  much  lower  complexity  were  developed.  In  addition,  the  sub¬ 
stituents  introduced  for  purposes  of  blocking  the  C-16  enolate 
formation  provided  a  marked  increase  in  the  crystal  1 ini ty  of  the 
dimers.  As  a  result,  the  Type  1  dimers  could  be  obtained  in 
crystalline  form  and  the  crystal  structures  were' determined  in 
col laboration  with  Dr.  George  DeTitta  of  the  Buffalo  Medical 
Foundation.  This  information  permits  the  previously  unavailable 
correlation  of  proton  and  carbon-13  NMR  parameters  with  estab¬ 
lished  stereochemistry  in  the  Type  1  dimers.  This  correlation 
provides  the  foundation  for  a  full  stereochemical  assignment  of 
the  structurally  more  complex  trimers. 


Investigation  of  Blocked  Prostaglandin  Derivatives 


As  the  potential  o-f  the  “blocked"  analog  3  became  evident,  a 
program  mss  undertaken  to  develop  a  synthetic  route  to  the  cor¬ 
responding  "blocked"  prostaglandin  16, 16-dimethyl-15-dehydro-PGBl 
<4,  Figure  3).  The  initial  synthesis  was  successful  and  provided 
enough  material  for  a  preliminary  evaluation  of  the  chemistry  and 
activity  of  oligomeric  mixtures  derived  from  this  "blocked"  15- 
dehydro-PGBl  derivative.  The  oligomerization  of  the  "blocked" 
prostaglandin  derivative  4  was  carried  out  under  mild  conditions 
and  resulted  in  oligomeric  mixtures  similar  to  those  obtained 
from  the  "blocked"  analog  3.  The  dimer,  trimer  and  tetramer 
components  were  readily  separated  from  the  oligomeric  mixture  by 
size  exclusion  chromatography.  Analysis  of  the  dimer  component 
indicated  a  similarity  in  pathway  to  that  of  the  "blocked  analog" 
3  although  there  appears  to  be  an  even  greater  enhancement  of  the 
reactivity  of  the  C-13  acceptor  site  relative  to  the  C-14  due  an 
increased  steric  hinderance  in  the  approach  to  C-14  in  the 
"blocked"  prostaglandin  4.  The  preliminary  evaluation  of  mito¬ 
chondrial  activity  by  Dr.  T.  Devlin  indicated  an  activity  com¬ 
parable  to  that  of  PGBx  and  the  corresponding  structurally  more 
complicated  oligomeric  component  derived  from  ol igomerization  of 
13-dehydro-PGBl  free  acid  (lb)  under  mild  conditions. 
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VI.  EXPERIMENTAL 


A.  Synthesis 


The  synthesis  of  the  "blocked"  analog  3  was  accomplished  by 
modi-f ication  o-f  the  synthetic  sequence  previously  developed  in 
our  laboratory  -for  the  preparation  o-f  analog  2.  HPLC  separa¬ 
tions  were  developed  using  normal  phase  chromatography . 

The  "blocked"  prostaglandin  4  was  prepared  by  modification 
of  the  synthetic  sequence  previously  developed  for  15-dehydro- 
PGB1  free  acid  (la).2  HPLC  separations  were  carried  out  using 
reverse  phase  chromatography. 


B.  Oligomerization  of  15-Dehydro-PQBl  (1)  Under  Mild  Condi tionsi 
Dimer  Formation. 

Treatment  of  la  with  0.05  M  ethanol ic  KOH  (8.3  mg/ml)  for  90 
minutes  gave  a  crude  reaction  product  from  which  the  dimer  com¬ 
ponent  was  separated  by  chromatography  on  Sephadex  LH-20 
(CH3OH) . 15  After  treatment  with  di azomethane,  the  dimer  fraction 
was  separated  by  HPLC  on  two  10  mm  x  25  cm  LiChrosorb  columns  in 
series  <35-457.  EtOAc/C^H^*  into  six  components.1*  A  molecular 
formula  of  C42H6488*  !•••  (C21*“<3284)  2 »  was  determined  for  each 

component  by  HRMS  measurement  of  the  molecular  ion. 17 

Two  distinctly  different  dimer  types  were  indicated  by  the 
spectral  data.  Dimers  2b-Sb  exhibited  UVmax  at  296  and  238  nm 
and  conjugated  C«C  IR  absorptions  at  1585  and  1640  cm”1  whereas 
dimers  6b  and  7b  had  a  single  UVmax  at  238  nm  and  a  conjugated  IR 
absorption  at  1640  cm”1.18  Dimers  2b-5b  exhibited  a  strong 
fragment  ion  at  m/e  348,  i.e.  C21H32O4,  while  only  a  weak  m/e  348 
fragment  ion  was  present  in  dimers  6b  and  7b. 17  The  structural 
assignments  of  the  individual  dimers  follow  from  the  previously 
established  structures  of  the  dimers  derived  from  the  analog  lc 
and  are  given  in  Figure  l.14  This  correspondence  is  evident  from 
a  comparison  of  i:^C  and  1H  chemical  shifts  of  dimers  derived  from 
la  and  1c  listed  in  Tables  1  and  2.2^*21 


le> 


Dimers  2a-7a  are  derived  -from  la  via  Michael  addition  in 
which  two  nucleophilic  (C-10  and  C-16)  and  two  acceptor  (C-13  and 
C-14)  sites  are  active  as  indicated  in  Figure  4.  Dimers  2a  and 
3a,  a  diastereomeric  pair,  are  -formed  by  the  addition  o-f  the  C-10 
enolate  o-f  la  to  C-14'  o-f  a  second  unit  o-f  la.  Dimers  4a  and  3a, 
a  second  diastereomeric  pair,  arise  from  the  addition  of  the  C-10 
enolate  of  la  to  C-13'  of  a  second  unit.  Dimer  6a  arises  from 
the  initial  addition  of  the  C-16  enolate  of  la  to  C-13'  of  a 
second  unit  leading  to  a  new  enolate  which  internally  cyclizes  by 
addition  of  C-14'  to  C-14  resulting  in  the  formation  of  a  cyclo- 
pentanone  ring  with  linkages  at  16-13'  and  14-14'.  In  a  similar 
manner,  dimer  7a  results  from  the  initial  addition  of  the  C-16 
enolate  to  C-14'  followed  by  the  internal  cyclization  by  addition 
of  C-13'  to  C-14  giving  rise  to  a  cyclopentanone  ring  with  16-14' 
and  14-13'  linkages.  The  single  addition  dimers  2a-5a  retain  a 
residual  13, 14-unsaturation  while  dimers  6a  and  7a,  resulting 
from  double  addition,  lack  the  residual  13,14-unsaturation  neces¬ 
sary  for  further  ol igomerxzat ion. 
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Tabid  2.  A  Comparison  of  'H  NIMR  Chomical  Shift!*  of  Dimart  2-7  darivad  from  l&afahydro-PGBt  (la)  and  tha  Analog  1c.'® 


C.  Mitochondrial  Assay* 

Evaluation  of  the  degree  of  protection  and  inhibition  in  the 
restoration  of  oxidative  phosphorylation  in  isolated  mitochondria 
was  carried  out  by  Dr.  T.  Devlin  of  Hahnemann  Medical  College, 
Philadelphia,  PA. 
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